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Abstract: The effects  of 2 years post-@eatmen tofgroupsektionand~agedtimberhar-
vestsanw00dhd~rsand~  wereassessedonstandsinhigheleVation,
southern Appalachkn  northern red oak (Quercus  r&a)-flame  azalea (Rhododendron
cde~eum) mmmmities,.in  the Nan&ala National Forest  We collected 4 sala-
mander species and 10 small &mmal  species. We detected no difference in woodland
salamander relative abundance between timber hamsts  and uncut (control) stands. Sim-
ilarly, relative ablu&mx of all small mammal species, except masked shrews (Sorex ci-
nereus), was unaffected by timber harvest Masked shrew relative abundance was
greater post-harvest in Zaged harvest stands than in group selection harvest stands or
uncut stands. For masked shrews, these high elevation, IL-aged  harvests may have pro-
vlded au optimal mix of residual overstory shading, dense shrub-layeq shading from  new
regeneration, and abundant downed coarse woody debrii. Altemadye silvicnlmral prac-
tices  such  as group selection harvest  and Zaged harvests are compatible with ,goals  of
providing thnberpmduction  without altedng small marmnal and woodland salamander
assemblages on the Wm Spring Creek Ecosystem Management Project area.
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The ecosystem management paradigm has been adopted as the guiding theme
for national forest management in the southern Appalachian region and elsewhere
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(Shark  et al. 1992, Ford et al. 1994, PJear et al. 1996, Ford et al. 1999). Successful
decision support for ecosystem management depends largely on a complete rmder-
standing of ecosystem processes and the impact of adaptive management activities ’
on a wide  array of biological attributes (Rauscher  1999),  including nongame  wild:
life species’(Ford  et al. 1999, Menzelet  al. 1999). One  result of near1y.a decade of
ecosystem mauagement+uided act@& on southern App,ala$ian ,national forests
has been the cessation of clear+ttmg and increased interest in use~ofahernative  sil-
vicultural  lmktices iuch as groufi  Selection harvests, ‘shelterwood  harvests, and 2-
aged harvests (Guldin 1996). Although both short-term and long-term effects of
clearcutting on woodland salamanders and small mamn@  are weB documented in
the southern Appalachians (Ash 1988, Kirkland i990,  Petranka  et a& 1994, Ford et
al. 1997, Harper and Guys 1999, Ford et al. 2002),  responses to most other forest
management practices are poorly known (Ford and Rodrigue 2001).  Accordingly,
we studied short-term response of woodland salamanders ,and small mamma& fol-
lowing group selection harvests and [L-aged harvests &the  southern App@&ian
Mounta+  of North Carolina on the Wme Spring Creek Ecosyst&  Management
P r o j e c t  (WSCBMP). .:, ;:.

We thank T. Carter, N. Castleberry, S. Castleberry, N. Hick&, L: Lepardo,.L.
Lewis, ant  coun&ss  “daytrip”  jtaermfrom the University of Georgia Warnell School
of Forest Resources for field assist&ce.  Administrative and lo&tic’ support was pro-
vided by K Elliot, D. Loftis,  W. Swank, and J. V&se of the USDA Forest Service
Southern Research Station. The comments of M. Adams and J. Rodrigue of the USDA
Forest Service Nortbe&.em  Research Station greatly improved this manuscript. This
study was funded by cooperative  agreement among the USDA Forest Service Wine
Spring Creek Ecosystem Management Project, the University of GeorgiaMuset& of
Natural History, and National S&nce Foundation Grant BSR901116611.\ \

Methods i .  .

We suNeyed woodland salamander and small mammal communities iu Septem-
her 1995 prior to 1997 timber harvests and again 2 years post-harvest in June 1999 at
3 group selection harvests, 3 2-aged harvests, and 2 uncut control stands on the
WSCEMP. The 1,820-ha  WSCEMP area is located within the Blue Ridge Physio-
graphic province in Macon County, North Carolina (Femteman 1938) on the I&ma-
hala National Forest, approximately 25 km south of the Great Smoky Mountains Na-
tional Park Topography was mountainous with steep slopes and narrow, deeply
incised watercourses. Elevations ranged from 1,380 to 1,500 m on our study sites.
Mean annual precipitation and temperature was 180 cm and 115 C, reqectively.

Prp-harvest,  the 6 timber harvest stands and 2 uncut control stands we studied
were dominated by oak (Quercus  spp) deciduous heath and dry northern hardwood
commuuities  characterized by a northern red oak tQ. rub-a)  overstory and a flame
azalea  (Rhododendron calendukzceum)  shrub layer (Wharton  1978). These stands
originated following widespread clearcut  logging in the early 1900s (Yarnell1998),
and were further modified by chestnut blight fungus  (Cryphonectria  parasitica) in
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the 1930s and selection logging in the early 1970s (BRiot  and Hewitt 1997). A com-
plete study area description is provided by Elliot and Hewitt (1997).

Pre-harvest overstory basal area on group selection barvest  stands, Zaged
stands, and uncut control standswas  approximately 27 m2/ba, Harvest sites and uncut
control stands averaged 6.2 ha in size.‘All trees within 2-3 marked “groups”.of  0.5.to
,l ba were felled in the group selection harvests. W&bin Zaged  stands, 4-8 m2/ha  of
residual  overstory basal area was retained with emphasis given to oak species to main-
tain hard mast production. The purpose of ‘L-aged harvests  is to perform stand regen-
eration in combination with provisions for hue successional wildlife habitat benefits
such as hard mast production and complex stand structure (Miller et al. 1995).

We surveyed woodland salamanders and small mammals using pitfall’and  hve-
trapping on 7X7 grids with 10 m spacing (Jones et al. 1996) placed in each group se-
lection harvest stand, each Zaged  barvest  stand, aud both uncut control stands pre-
harvest in September 1995 and postharvest in June 1999. One pi&II and Jive-trap
was placed at each of 49 trapping stations on each grid. Trapping station location was
constant betweenpre and post-harvest survey efforts. Trappiug grids in group selec-
tionharvestswereplacedsothatapproximatelyhallofthetrapswereinfhecut~
and uncut areas, respectively. Pitfalls consisted of 943 cm3 plastic cups buried flush
to the ground aud Glled lI3 of volume with 10% formalin  to pmserve  spe&mens
(Barker 1997, McCay  et al. 1998). pitfalls  were opened for 2 weeks during both sam-
phng  periods. Woodland salamauders and so&ids collected by pitfall-trapping were
identitied to species based on external morphology and reposited in the teaching aud
research collections of the Uuiversity of Georgia Museum of Natural Histaty,  Ath?
e n s ,  andF~College,Fer+m,Virgin& , :

To live-trap small mammals, we used 5 cmX6.45 cmX16.5  &n folding Sher-
man@ traps baited with ro&d oats (Jones et al. 1996). Live-trapping was conducted
for 4 days concurrent to the’last  4’ days during the pitfall trapping session for both
sampling periods. We identified live-trapped small mammals to species and sexed
and aged them based on external morphology and pelage, ear-tagged with Size 1
Monel Tags (Natl.  Band and Tag Co., Newport, KY.),  ‘and released. Because recap-
ture rates were too low in most grids for all species (I2 recaptums  per trapping  ses-
sion) to calculate reliable density e&mates (Otis et al. 1978, White et. al. 1982) ,for
deer mice(Peromyscus  manicdam),  white-footed  mice (I?  leucopus), aud southern
red-backed voles (Clethrionontys  gapperi), relative abundances based on numbers  of
uniquely marked animals within trapping .periods  (Cameron 1977, ‘Buckuer and
Shure 1985) were recorded during  pre- and post-harvest sampling periods. Research
was conducted under the authority and guidelines of North Carohua Scientific Col-
lecting Permit 9%Es-10  and the University of Georgia Museum of Natural History
collectioIl  guidelines.

Relative abundance of woodland salamanders and small mammals were com-
pared  among group selection harvests, ‘L-aged harvests, and uncut control stands
post-harvest using Analysis of Covariance (Steel and Tbrrie  1980, Montgomery
1991). Pm-harvest relative abundance values were used as covariates for each spe-
cies to minimize individual site-to-site variation inherent in these types of data;
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moreover, pre-treatment species assemblage and relative abundance  for each stand
surveyed directly influenced post-harvest treatment effects. We tested for normality .
of abundance data using a Shapiro-Wilk procedure  (Shapiro  and Wilk 1965): Non-
normal data w&e sqtiare-rd.  transformed. Mean vabies of relative abundance were’
qorted/lOO  trapnights using treatmini means adjusted for the covariate (SAS
1991). When sign&ant  treatuient  $%cts  were detected am&g species’(a  =0.05),
separation of means adjusted for the covariate was performed using&heffe’s test
(Ott1988). : -. . ‘I

Results’~  : .,
.,

.._.
We accumulated 5,998 pitfall trapnights and 1,176 live-trapping  trapnights  pre-

harvest in 1995, and 5,488 pitfall trapnights  and 1,176 live-trapping tqmights-post-
harvest on-the WSCEMl?  Post-harvest+ there Was no significant difference in relative
abundance of Jordan’s  salaman~ (PZethodon  jordoni); Ocok sakmmders  (De-
smognathus ocoee), and two-lined saktmanders  (Ewycea  bidineata)  ldween  group
selection harvest areas, 2-aged harvest aieas,  and uncut control  %mds (‘Ihble 1):  Pre-
harvest, 1 eastern newt (Notophtalnws  viriahchs) was collected in group selecti?n
hsrvest  T+ pitfalls and 1 was collected in 2-aged harvest ar& pitfalls. No eastern
newts were collected post-harvest I L.

Post-harvest,  there’was  no sig&iuuit  difference in the relative abundance of
smoky shrews (Sorexjimeus),  pygmy shrews (S.  hoyi), n&hem  shart-tailed  shrews
(Blarina  brevicati)),  deer  mice, white-footed mice, and southern red-backed voles
among group selection harvest areas, 2-aged harvest areas, and UI+X& control stands
(Table 2). Masked shrews (S.  cinereus)  were more abundant in Zaged harvest areas
than in gmup  selection harvests .tid~uncut  control stauds (‘Iable 2). One golden mouse
(O&rotomys  mthdfi)  was collecti\  in a Zaged stand. Pre-harvest,  5 pine
voles (Mcrotzu  pinetorum)  were collected in gcoiq  selection harvest areas pitfalls, 6
were collected in 2-aged harvest areas pitfalls, and 3 were collected in uncut stand pit-
falls. Similarly, pre-harvest,  2 woodland jumping mice  (Napaeozapus  insign@,l  were
collected in group selection harvest area live-traps, 3 were collected in2-aged harvest

.,.
Table 1; Mean post-harvest collection of woodland salamander& grou~‘sele&o*
harvests (N  =3), two-aged harvests  (iV =3),  aud uncut control stands  (N  =2) iu nortfiern  red
oak-flame azalea commuuities on the Wine Spring Creek Ecosystem Managemeat, Nan&ala
National Forest, North Car&m&  1999. Data are report&  as adjusted mea&100  pitfall
~~ghtsusing1995pre-hafvestcollectionvaluesascovaniates.  ‘, ’

setcctioo meaged UllCIR
sueciea f S E S..‘S f S E ;F  P

Jordan’ssalamander .2.@6 0 . 5 1 1 . 0 0 0 . 5 1 2 . 3 8 0 . 6 3 1 . 7 5 0 . 2 4 7
Ocae  salamander 1 . 4 5 0 . 8 0 1 . 8 6 1 . 1 3 0 . 2 6 0 . 7 8 1
‘lb-linedsalamander 0 . 1 1 0 . 1 8 0 . 0 1 0 . 2 0 157 0 . 3 1 4
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Eible  2 Mean post-harvest collection of small man&&  in group selection harvests
CN=3),~~~h~~~(N=3),anduncutcontrolstands(N=lt).innorthemredoak-fl~’
azalea communities on the Wme  Spring  Creek Ecosystem Management, Nan&ala  National
Forest, N&h Carolina, 1999. ?a& are qqrted as adjusted  means/l00  pitGIl  trapnights for
soricids  and per 100 live-trap tqmi@ts  for rodents using 1995 p&-harvest  collec&n  W&I&
as covariates.  Adjusted meads  within a row not followed by same lett&  d&r in the
&aIlsforme$i  data  (P ~0.0s).

1’ *, . .&&@j ue :

.spccies .t SE: f SE ..t S E F’ P

MaskedsInew  1.23a  0.48 4.49b 0 . 5 2 ,l.Ma  0.66 11.47 0.022
SmokyslImy 155 0.79 3.34 0.x.  0.87 1 . 1 4 1 . 6 3 0.303

i2iiz!-
0 . 2 0 0.16 0 3 9 0.12 023  020 0 . 6 5 0.569.  .  . _

short-tailed- 0.42 -0.47. 0.67 0.41 0.23 035  0.24 0.793
Deermouse 536 2.05 4 3 2 1.72 . 5.96 257 0 . 1 9 0.834
wllibz-footedmonse 1.27 0.83 032 0 . 6 7 0.11 1.96  0.44 0.672
southem~-baclied

v o l e 0 . 0 9 0.18 0 . 1 3 0 . 1 4 6.16  0.18 0.14 0.870
.i.

iindiv&tmps, and 2 in uncut control stand live-traps. No goldee  m@e,  pine voles, or
woodland jun$mg  I&X  were collected post-barvest despite being c&zcted  in similar
habitats in 1996 aud 1997 on a concurrent WSCEMJ?  studjr  (Ford et al. 1999).

I
5

Discl;ssion

Our ,+iing  of no .siguifican~ :&o@erm  impact from group  @x$ion  and Z-agd  ~
timber hafvests  td ‘iGm&nd.~amanders  oxi the  WSCEMP cont&&  avith salam&:
der response to clearcutting &I  the southern 4pakichians  (Petranka  et al. 1993, Pe-
tr@ca  et al. 1994, Ford et al. 2001). This is particularly  true for the genus Desmognu-
thus that generally require relatively~ undisturbed and me& conditions (Pebranka
1998). For  the wholly terrestrial kenus  Plethoaon,  Ash (1988) found that Jo&m’s
salamander declined 40% immediately following cltiutting when cornpar&  & an
adjaceht  qncut  stand because of altered site conditions from increased solar radia-
tion, debased leaf litter, and increased bare  soil. Bartman (1998) reported a decline
from pm-harvest in 1996 to post-harvest in 1997 for Jordon’s salan&ders  at one
WSCEMP group ‘selection harvest  following a mark-recapture effort. However, a
similar decline was noted in thy  uncut control area in&cating  that summ&  drought
conditio&  that occurred & the WSCEMP in 1997 influe&d  salamander popula-
tions more than timber harvest. Iuterestingly,  no ma&ed  salamander was docu-
mented moving from the  group selection cut into adjacent uncut  forests (Bartman
1998),  conf&mi@ assertions of Petranka’(1994) that salamand&s  do not emigrate
following disturbance.

Retained overstory cover may be the  most important habitat factor in determin-
ing timber barvest impacts to salamanders in tbe southern  Appalachians  (HarpQle

2OOOPmc.  Anm.  Cm&  SE?AlWA



244 F o r d e t a l .  . ”

and Haas 1999). For example, salamander declines were noted in clearcut  and shel-
terwood harvest systems removing substantial overstory in xeric, Ridge and Valley -
forests in Virginia (Harpole and Haas 1999); whereas selection logging did not im-
pact salamander abundance  in northern hardwood stands in New York (Messere  and
Ducey 1998). Although group selex$on  harvests are smaJl clearcuts,  shading from
adjaceht  uncut  forests shield much of the’harvested  area  Similarly; 2-aged stands,
after 2 growing seasons, retained beneficial overstay shading ii-cm residual trees and
contained abmdant post-harves& 1.5 to 2-m high,  w.oody regeneration that might

1 have retains  microsite moisture and provided sufkient  annual leaflitter inputs.
Harper and Guynn (1999) noted that the high elkvations  and cool climate on the

TWSCEMP probably amekrate  many of the negative microhabitat and microclimatic
conditions thought to impact salamanders  following timber harvest. At lower eleva-
tions, proximity to watercourses such as seeps, springs, and perenuial streams can
confound salamander response to forest management studies in the southern Appala-
chians (Ford et 4..  2002). Although each of our trapping grids was 1200 m from a
pered stream, Jordan’s  salamander, Ocoee salamanders, and Blue Ridge two&e
salamanders are widely distributed at high elevation far from  nmning water in the
southern Appalachians (Petranka  1998).

We recogn+z  that low treatment replication and high between-site variation in
this study ‘severely limits our ability to detect changes in salamander response., Addi-
tionally, because salamander response~to timber harvest often is delayed for several
years following timber harvest (Harpole  and Haas 1999),  expanded post-harvest re-
search will be required to fully tmderstand  long-term impact of group selection and
2-aged timber harvests on woodland salamanders at the WSCEMR ’

Small mpmal assemblage changes from forest to early successional habitats
analogous to shifts f?om cotton mouse (Z? gossypi~~sduthern  short-tailed shrew
(B.  carolinensis)  dominance to old geld mouse (P. polionotus)-least  shrew  (Cryptotis
purvu)  dominanqe  in the Piedmont or Coastal Plain (Atkenson and Johnson 1979,
Yates et al. 1997, Menzel et.al. 2002)  are unapparent in the southern Appalachians.
Within soughan  Appakhiair  cove hardwood forests,, smoky and northern short-
tailed shrew abmdance  is greater in stauds 285 years old than those 15 to 25 years
old (Ford et al. 1997),  but species assemblages ‘are identical. Pygmy .shrews occur
throughout the southern Appalachians across all habitats in low den&es  (Laerm et
al. .1999); however, they appear to be most abundant in dir&u&d  habitats on xeric
sites (Ford et al. 1994). Ford and Rodrigue (2001) found no difference in so&id com-
munity structure and relative abundance between cut and uncut AlleghenyAmrthern
hgdwood forests in West Virginia following 2-aged harvests  and diameter-limit tbin-
&ngs.  Of habitat variables important’to shrews in West’Vi uncut stands con-
tained pne leaflitter and greater overstory canopy coveq’whemas  coarse woody de-
bris loadings and understory woody cover were greater in cut stands. Masked shrews
on the’ WSCEMP  did respond favorably to Zaged harvests. KMand  (1990). noted
that masked shrews appeared to increase in abundance foliowing disturbance in
northern forests so long as cool, moist conditions prevailed. The mashed shrew, a
Pleistocene rehct  in the southern Appalachians (Pagels  et al. 1994),  is uncommon at
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mid- to low elevations south of the Smokies (Laerm  et al. 1%9).  The large extent of
high elevation area (>1,200  m) on the WSCETMP  provides postdismrbance condi-
tions more similar to those mported  by Kirkland (1990) than studies from lower ele-
vations in the southern Appalachians or Piedmont and Coastal Plain.

Unlike the rodent population +spoonsk‘  patterns we observe&  southern red-
.backed voles and, white-footed mice generally in&e&~  following ~cle&&ting
(Kirkland 1990). Group  selection tie&s and &aged  ha&$&  ‘we surveyed app&
ently did not surpass ha&at quality or structure thresholds &n&&r  and Shure
1985) to signilicantly  aher  relative abum&&  Residual overstory trees in the 2-
aged harvests probably allowed the more arbomal  deer mouse to maintain its nu-
merical and competitive dominance over white-footed mice. Moreover, it’ is pos-
sible that newly created early successional areas in the group selection harvests
were too small to elicit a VGhitefdoted  mouse population response. Ammal hard
mast production can have profound,impacts  on wildlife, including rodents (Goo-
dym.‘et  al. 1971, Beck 1977,  Wentworth et aL  1992): In years following high acorri
abundances  both u&w and disturbed or mod&d woodlands may support
high densities of deer’miceand  whiu+footed  mice. Similarly, m, years following
poqr  mast cpps,  rodent densities in the southern Appala&&s  may be extremely
low aqross  all habitat types (McShea  and Schwede 1993). Our 1995  and 1999 sur-
veys were preceded by “fair” area fall acorn mast index ratings (Whitehead  1969) of
2.06 in 1994 and 3.34 in 1998 (S. Osborne, N.C,  Wddl.  Resour.  Conm~,  unpubl.
data) indicating~that  our results probably were not confounded greatly by annual
hard mast variation. ,.:  ..,.  -.

Woodland salamanders and small mammals are in&hang  ecosystem compO-
nents  that can be impacted by forest management activities (deMaynadier  and
Hunter 1995, %ppe  et al. l.994). Based on short-term‘f’aunal reshnse; it appears that
w of alternative silvicultural practices such as group selection harvests and 2-aged
harvests succeeds in meeting commodity production ‘and  stand regeneration objec-
tives without significantly altering woodland salamander and small mammal com-

, munities on the WSCEMP.  In addition to continued long-term monitoring, efforts
should be directed towards more detailed and manipulative analyses of woodland
salamander and small mamm al microhabitat relationships in the,  southern Appala-
chians. Without a complete understanding of ‘ecological mechamsms that influence
these groups following  timber harver&documentation  of cause and effect relation-
ships w remain Spechtive.. . <
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